Abstract: Spatially describing objects or environments is a natural and everyday task present in the daily lives of individuals. To portray the existing relationships between present elements of the scene described, it is necessary to use terms known as spatial relations. Frequently, such descriptions are performed using Natural Language (NL), both spoken and written. The existence of a constant interaction of human with the environment makes NL rich in terms that characterize space, resulting in a diversity of such words. The variety of terms used as spatial relations makes it difficult to implement spatial localization systems that use NL. Therefore, to understand how spatial relations are used, the present article aimed to detect and categorize such spatial relations. For this, an experiment of a spatial description of environments unknown by users was performed. The volunteers were native speakers of Brazilian Portuguese language and from the spatial descriptions were obtained locative expressions that allowed the definition and categorization of spatial relations using the Spatial Image Schemata. The results obtained demonstrated an attempt to understand the spatial relations used in spatial descriptions. In the future, we aim to define a set of spatial relations representative of the words used in a spatial description task.
Introduction
In the process of communicating through spoken or written Natural Language (NL), places or events are described using expressions such as "the drugstore is in front of the gas station". This type of description is the predominant way of communication among human beings and it is known as locative or locational expressions (Herskovits 1985; Hall et al. 2015; Kim et al. 2017) . Herskovits (1985) describes locative or locational expression as any spatial expression composed of a sentence with a spatial term and its object. In other words, it is a phrase where the link between two or more nouns (objects or people) is established by a spatial relation (terms). The use of spatial concepts occurs in an unpremeditated way, that is, their application occurs spontaneously by people. This is possible because any human being is capable of reasoning spatially, a characteristic that differs us from other living beings (Landau & Jackendoff 1993; Kracht 2002 ). Human's ability to decode geographic information favours the creation of mental spatial representations, which are cognitive representations of knowledge acquired about the environment, with its meanings and the relative positions of persons or objects in the space through of the use of the spatial relations (Darken and Peterson 2001; Montello 2002; Hassani e Li 2017) . In the formation of cognitive maps, information taken from the environment is filtered or selected by the sensory organs. This is only possible because the human mind is extremely active in acquiring information and it has abilities as efficiency in recognizing the meanings of objects and generating spatial associations between the elements of the environment (Golledge 1993) . After the selection of the information, occurs the recognizing of patterns. Later, the information is organized and stored in the short-term memory (Blades and Spencer 1986) . This information will be retrieved or represented to be used as a resource in performing spatial tasks when that information matches those stored in long-term or permanent memory. If the information stored in the permanent memory contributes to an understanding of the visual scene, it can be said that there was an integration between the elements of the environment with the observed scene or object, thus aiding in the construction of knowledge (Peterson 1987; Sternberg and Sternberg 2012; Johannes et al. 2015) . Therefore, it is possible to say that previous experience with real world's objects or features stored in the memory contributes to assign concepts to the new visual experiences experienced. Thus, the way individuals interact and understand the elements of the environment influences the categorization of mental processes (Lakoff 1987) . It is natural, therefore, that the individual and cultural characteristics, as well as the experiences of the individuals with the environment, determine the conception of the categories of the mental processes. Such processes allow us to create the structures in which the abstracted information, the acquired knowledge of reality will be grouped and stored. The grouping of objects or features determines the elements and the types of relationships allowed for the organization of knowledge (MacEachren 1995) . For this reason, it is understood that the description of the position of a geographic element, that is, the way that locative expressions are elaborated, reflects the organization of the spatial knowledge represented in the cognitive map of the individual that makes it (Richter and Klippel 2005) . Frequently, the spatial relations it is not clearly understood by systems that search to process and to represent such spatial descriptions Mark and Egenhofer 1995; Mark an Freundschuh 1995) . For this reason, the study of the meaning of spatial relations emerges as an important area of research in some branches of science, such as Linguistics, Geographic Information System (GIS), Cognition and Artificial Intelligence (AI) (Egenhofer and Franzosa 1991; Fisher and Orf 1991; Egenhofer and Mark 1995) . In the area of geoinformation, spatial relations play a relevant role in spatial data modelling, spatial query and analysis. Regarding the activities of spatial cognition, spatial relations assist in the spatial reasoning and in the understanding of the maps (Hall and Jones 2008; Zhang et al. 2013; Hall et al. 2015) . Realizing the relevance of spatial relations, researches on spatial relationships mainly aim to understand how people use them in their daily lives by performing spatial descriptions. In other words, they search for the users' understanding of spatial organization among objects and how they describe those organizations through NL and then implement formal models of spatial relations in GIS (Shariff et al. 1998; Tomai and Kavouras 2004) . A factor that hinders the understanding of the spatial relations used in locative expressions is its versatility since the same spatial relation is used to describe several configurations among elements (Hall and Jones 2008) . Therefore, it is necessary to understand the process of categorization of spatial relations used in locative expressions. A theory used to explain individuals' mental processes was proposed by Lakoff (1987) and Johnson (1987) and is called Image Schemata Models. Johnson (1987, cited in Freundschuh and Blades, 2012) Lakoff (1987) identify seven image schemata as being spatial: surface, near-far, verticality, path, link, and center-periphery. These schemas can be described in terms of (1) bodily experiences, (2) structural elements, (3) a basic logic, and (4) metaphorical extensions (Freundschuh and Blades, 2012) . This work aims to categorize the spatial relations used in the task of spatial description of an unknown environment according to Spatial Image Schemata. This is because spatial imagery schemes are central to spatial cognition and to how humans perceive, categorize and represent the world (Freundschuh and Blades, 2012) .
Methodology
Spatial descriptions are known as locative or locational expressions. For Hall et al. (2015) spatial descriptions are composed of entities which report the spatial position of objects or persons in relation to another reference element. This research presents the results of a survey performed with users in order to identify the spatial relations used in spatial descriptions of unknown environments. Afterward, using the Spatial Image Schemata, such relations were categorized.
Experiment
The experiment was conducted using photos of urban environments in egocentric view, in other words, a set of photos in which the four views of the place are shown, one picture in each direction. The photos used in the experiment were extracted from images provided by Google Street View of the Brazilian cities of Curitiba and Uberlândia, located respectively in the states of Paraná and Minas Gerais. Photos of the city of Auckland in New Zealand were also used. Nine regions were chosen, with four regions in Brazil and five regions in Auckland. Four regions are residential (one in Curitiba, one in Uberlândia and two in Auckland), four regions are central/commercial (one in Curitiba, one in Uberlândia and two in Auckland) and one region is non-urbanized in the city of Auckland.
Participants
Students of the undergraduate courses in Civil Engineering, Cartographic and Surveying Engineering, Environmental Engineering, Electrical Engineering, Mathematical and the Graduate Program in Geodetic Sciences (Federal University of Paraná -UFPR), were volunteers for the experiment with the photos of the cities of Curitiba and Uberlândia. For these photos, a sample of 52 users was obtained to perform the requested task, which occurred in the months of April and May of 2016. The survey with the photos of the city of Auckland was applied in the months of March to May of 2017. It was obtained a sample of 51 users with diverse academic backgrounds, including Cartographic and Surveying Engineering, Mathematics, Graphic Expression, and Geography, from different educational institutions, such as Federal Institute of Sergipe (IFSE), State University of Rio de Janeiro (UERJ), Federal University of Paraná (UFPR), among others.
Method
The experiment consisted of online questionnaires in which the user viewed a set of photos and answered the question: "Imagine you witnessed a traffic accident. You need to call the emergency service and you must provide the location of the crash in detail, without naming street names, only using the landmarks, to help the emergency service arrive on site." As mentioned, because it is an unknown environment, the user had knowledge of the place only from the pictures presented in an egocentric view. The Figure 1 shows one of the four sets of photos in central/commercial area. To accomplish the task, the street name indications were removed from all the photos. Figure 2 presents the photographs presented from the residential area of the city of Uberlândia. Initially, to avoid using spatial descriptions of users familiar with the presented environments, care was taken to verify if their naturalness corresponded to the described regions. In addition, the answers that showed signs of recognition of the place by the user were discarded. For instance, in a description, a user cited a non-visible landmark in the picture, thus showing familiarity with the environment. After the survey the spatial description were analysed. Initially, the spatial descriptions of each user were grouped by central/commercial and residential regions. Afterwards, they were dismembered with the purpose of obtaining the locative expressions. This procedure made it possible to identify the obligatory components of the locative expressions: spatial relation, relatum and locatum. Spatial relations are used in locative expressions to describe the relationships between the elements present in the environment. Consider the phrase 'the accident happened in front of the school'. In this sentence, 'accident' is the element to be located and 'school' is the reference element for the user. In the literature, the element 'accident', in other words, the feature that is being positioned is called locatum. The feature in relation to which the locatum is being located, in the given example 'school', is known as the relatum. And 'in front of' is the spatial relation used to associate these two elements (Herskovits 1985; Schockaert et al. 2005 The function of these components is related to the purpose of the locative description, in other words, to inform the location of an element, as in the cited example. Therefore, it is possible to say that locative expressions provide spatial information since characteristics of the elements present in the environment and the spatial relations among these elements are described (Li et al. 2011) . The dismemberment of the locative descriptions into locative expressions allows us to identify the spatial relations used by the users in this experiment and then categorize them according to the Spatial Image Schemata.
Results and discussion
In this section, we will show the results obtained in the experiment only in the Brazilian Portuguese language. One limitation of the experiment were due to the limited variety of participants' naturalness. Since it is a spatial description performed in the NL, it would be relevant to obtain a sample that integrates participants from all Brazilian states to evaluate the linguistic and cultural aspects present in the spatial relationships chosen. The importance is given by the fact that users can employ a variety of different expressions by transmitting information specific to spatial concepts known in certain cultures (Johannes et al. 2015) .
One of the difficulties founded in carrying out this research was the complexity to identify the components of a locative expression due to the multiplicity of the NL. The following spatial descriptions show the diversity in the way of persons' communication: for example, the first user briefly describes the environment: "I am in front of a State School Bueno Brandão. In front of a square". In contrast, another user performs a richer description: "I am close to the State School Bueno Brandão, next to this school has several hotels. There is a square in front of the school. Taking as direction North of the School has a restaurant called "Sabor da carne", in the direction South there is a hotel called Hotel Square". Consequently, the different levels of difficulties encountered in the fragmentation of spatial descriptions in locative expressions are evident. Whereas in the first sentence the identification of the components was easily carried out, in the second one, the process of distinction and separation was more time consuming and complex.
Comparing the two examples, it can be seen that spatial descriptions can be simple or complex. In the latter, a greater number of spatial relations was used (Stock 2010) . Thus, size is a characteristic of spatial descriptions (Denis et al. 1999 ) and the number of information contained varies according to people's cognitive experiences (Landau and Jackendoff 1993; Stock 2010) . The constant interaction of human with the environment makes NL rich in spatial linguistic expressions that characterize space (Tomai and Kavouras 2004) . Table 3 corroborates with the statement since 56 spatial relations were used for describing the relationships existing among features presents in the environment. That is, a significant number of spatial relations used by users in the spatial description task was observed. Terms used as spatial relations are versatile. In other words, the same spatial relationship is used to describe various configurations among elements (Hall and Jones 2008) . The results obtained in this research solidify this assertion since different spatial relations were used to describe a certain spatial arrangement, as shown in Table  4 .
Acess to
Locative Expressions The school is next to the hotels.
It has several hotels near the school. The school is between the hotel and the bar.
The school is on the side of the hotel. Table 4 . Examples of different spatial relations used to describe the same spatial relationship
The table above presents the locative expressions involving the elements 'school' and 'hotel' present in the spatial descriptions of the commercial/central region of Uberlândia. For this region, 17 spatial descriptions were obtained, and of these, only 6 users described the relationship between 'school' and 'hotel' using 4 different terms: 'next to', 'near, 'between' e 'on the side of '. The inverse also occurs, in other words, the same spatial relationship can be used to describe different spatial configurations. In the examples shown in Table 5 , the spatial relation 'next to' is used to describe 4 relationships existing in the photographs of the central/commercial area of Uberlândia.
Locative Expressions
The square is next to a hotel The hotel is next to the restaurant
The accident was next a square The buildings suggest being next to the downtown Table 5 . Same spatial relations used to describe different spatial relationship
Given the versatility and quantity of terms used to characterize the relationship among elements in the environment, it is necessary to categorize such spatial relations. For this, the Spatial Image Schemata Models proposed by Johnson (1987) and Lakoff (1987) were used. This because metaphorical projections of schemata can capture the meaning of abstract concepts, and allow us to reason with them (Johnson 1987 , cited in Raubal, 1997 . The categorized spatial relations by Spatial Image Schemata in each schemata model are: 1. near-far: this schema encompasses the spatial relationships used when individuals qualitatively compare distances or when they need to move from one place to another (Raubal, 1997) . The spatial relations are: after, ahead, annex, between, just ahead, just before, just past, little ahead, little forward, meters up, near, nearby, next to, pass. 2. Verticality: this schema encompasses the spatial relationships used when individuals qualitatively compare distances or when they need to move from one place to another (Raubal, 1997) . The spatial relationships used by the individuals in the experiment reported in this paper that are part of this scheme are: Up, upwards. 3. Center-periphery: In this schema, one could use the egocentric referential, in which the individual is the center and observes different elements in the periphery, or the allocentric referential, in which the elements compose the subject's environment (Raubal, 1997) . The spatial relations are: access to, adjacent, around, in the vicinity, opposite to. 4. Path: This image schema is built upon the following structure: a starting point, an endpoint, and a connection between these points (Raubal, 1997) . The spatial relations are: at the end, at the left side, both sides, by my side, East-West direction, front, in front of, in the other direction, in one direction, in the back, North direction, one side, on one side, on other side, on the even side, on the left, on the left side, on the odd side, on the other side, on the right, on the right side, on the side of, side by side, South direction, to the East, to the North, to the South. 5. Containers: This schema represents the idea of containment, in which there are an inside, an outside, and a boundary (Raubal, 1997) . The spatial relations are: in a, on, has, there is. 6. Surface: This scheme is commonplace and people need it all the time while standing or walking (Raubal, 1997) . The spatial relations obtained that fit this schema are: just below, under, over 7. Link: In this scheme, people relate connected objects via links and can occur in both the spatial and temporal experiences of individuals (Raubal, 1997) . The spatial relations obtained that fit this schema are: toward, with.
The categorization was performed considering the importance of spatial imaging schemes, since they help individuals to relate previous experiences with current environmental understandings and in the relevance of these schematas for spatial applications (Kuhn and Frank 1991; Raubal 1997; Rüetschi and Timpf 2005) .
Conclusions
This work addressed the task of distinguishing and categorizing spatial relations present in spatial descriptions of environments unknown to the user. This approach was motivated by the variety and versatility of the spatial relations existing in the Portuguese language of Brazil, making it difficult to implement all the terms in geographical location systems. As has been seen, spatial descriptions provide spatial knowledge of a particular place, as people transmit the information, in which it is based on their perception or memory. Such information allows communication between individuals in a satisfactory way, and consequently, people rely more and more on location based on a description in dialogue-driven geolocation services (Kim et al. 2017) . Thus, the project in which this research is part, "Where Am I?" aims to implement an application in which it is possible to convert a spatial description into a geographic position. For this, it is initially necessary to identify and categorize the spatial relations used in spatial descriptions. Therefore, the present article gives the first step in the understanding and definition of a set of spatial relations to be implemented in systems that seek to process and present the geographical information obtained in NL. For this, the descriptions were broken down into locative expressions in order to detect the spatial relations used to describe spatial configurations presented in the photographs. Subsequently, these terms were categorized according to Spatial Image Schemata. The results presented reinforce the relevance of the Spatial Schemata Image model in the study of spatial relations for spatial applications since the categorization performed can helps in the understanding of how individuals establish a connection between different experiences with recurrent structures.
In accordance with the argumentation presented, this work configured an attempt to group the spatial relations into categories. In the future, It is intended to define spatial relations representative of words used in the task of spatial description, to be implemented in a geographic location system.
